Di↵erent human populations facing similar environmental challenges have sometimes evolved convergent biological adaptations, for example hypoxia resistance at high altitudes and depigmented skin in northern latitudes on separate continents. The pygmy phenotype (small adult body size), a characteristic of hunter-gatherer populations inhabiting both African and Asian tropical rainforests, is often highlighted as another case of convergent adaptation in humans.
Results
We sequenced the protein coding portions of the genomes (exomes) of 50 Batwa rainforest hunter-gatherers and 50 Bakiga agriculturalists (dataset originally reported in [28] ), identified single nucleotide polymorphisms (SNPs), and analyzed the resultant data alongside those derived from published whole genome sequence data for 10 Andamanese rainforest huntergatherers and 10 Brahmin agriculturalists (dataset from [36] ). We restricted our analysis to exonic SNPs, for comparable analysis of the Asian whole genome sequence data with the African exome sequence data. To polarize allele frequency di↵erences observed between each pair of hunter-gatherer and agriculturalist populations, we merged these data with those from outgroup comparison populations from the 1000 Genomes Project [4] : To identify regions of the genome that may have been a↵ected by positive selection in each of our test populations, we computed the population branch statistic (PBS; [58]) for each exonic SNP identified among or between the Batwa and Bakiga, and Andamanese and Brahmin populations ( Fig. S1, S2 ; Table S5 ). PBS is an estimate of the magnitude of allele frequency change that occurred along each population lineage following divergence of the most closely related populations, with the allele frequency information from the outgroup population used to polarize frequency changes to one or both branches. Larger PBS values for a population reflect greater allele frequency change on that branch, which in some cases could reflect a history of positive selection [58] .
For each analyzed population, we computed a PBS selection index for each gene by comparing the mean PBS for all SNPs located within that gene to a distribution of values estimated by shu✏ing SNP-gene associations (without replacement) and re-computing the mean PBS value for that gene 10,000 times (Table S7 , S8). The PBS selection index is the percentage of permuted values that is higher than the actual (observed) mean PBS value for that gene. Per-gene PBS selection index values were not significantly correlated with gene size (linear regression of log adjusted selection indices against gene length: adjusted R 2 = 2.74 ⇥ 10 5 , F -statistic p = 0.81; Fig. S3 ), suggesting that this metric is not overtly biased by gene size.
Convergent evolution can operate at di↵erent scales, including on the same mutation or amino acid change, di↵erent genetic variants between populations but within the same genes, or across a set of genes involved in the same biomolecular pathway or functional annotation. Given that our motivating phenotype is a complex trait and signatures of polygenic adaptation are expected to be relatively subtle and especially di cult to detect at the individual mutation and gene levels, in this study we principally consider patterns of convergence versus population specificity at the functional pathway/annotation level. We do note that when we applied the same approaches described in this study to individual SNPs, we identified several individual alleles with patterns of convergent allele frequency evolution between the Batwa and Andamanese that may warrant further study (Table S6) , including a nonsynonymous SNP in the gene FIG4, which when disrupted in mice results in a phenotype of small but proportional body size [8] . However, likely related to the above-discussed challenges of identifying signatures of polygenic adaptation at the locus-specific level, the results of our individual SNP and gene analyses were otherwise largely unremarkable, and thus our the remainder of our report and discussion focuses on pathway-level analyses.
Outlier signatures of strong convergent and population-specific selection
The set of genes with the lowest (outlier) PBS index values for each population may be enriched for genes with histories of relatively strong positive natural selection. We used a permutation-based analysis to test whether curated sets of genome-wide growth-associated genes (4 lists tested separately ranging 266-3,996 genes in length; 4,888 total; Suppl. Text) or individual Gene Ontology (GO) annotated functional categories of genes (GO categories with fewer than 50 genes were excluded) have significant convergent excesses of genes with low PBS selection index values (< 0.01) in both of two cross-continental populations, for example the Batwa and Andamanese. Specifically, we first used Fisher's exact tests to estimate the probability that the number of genes with PBS selection index values < 0.01 was greater than that expected by chance, for each functional category set of genes and population.
We then reshu✏ed the PBS selection indices across all genes 1,000 di↵erent times for each population to generate distributions of permuted enrichment p-values for each functional category set of genes. We compared our observed Batwa and Andamanese Fisher's exact test p-values to those from the randomly generated distributions as follows. We computed the joint probability of the null hypotheses for both the Andamanese and Batwa being false as (1 p Batwa )(1 p Andamanese ), where p Batwa and p Andamanese are the p-values of the Fisher's exact test, and we compared this joint probability estimate to the same statistic computed for the p-values from the random iterations. We then defined the p-value of our empirical test for convergent evolution as the probability that this statistic was more extreme (lower) for the observed values than for the randomly generated values. The resultant p-value summarizes the test of the null hypothesis that both results could have been jointly generated under random chance. While each individual population's outlier-based test results are not significant after multiple test correction, this joint approach provides increased power to Figure 2 : Gene Ontology (GO) functional categories' ratios of expected to observed counts of outlier genes (with PBS selection index < 0.01) in the Batwa and Andamanese rainforest hunter-gatherers (A) and Bakiga and Brahmin agriculturalist control (B). Results shown for GO biological processes and molecular functions. Point size is scaled to number of annotated genes in category. Terms that are significantly overrepresented for genes under positive selection (Fisher p < 0.01) in either population shown in blue and for both populations convergently (empirical permutation-based p < 0.005) shown in orange. Colored lines represent 95% CI for significant categories estimated by bootstrapping genes within pathways. Dark outlines indicate growth-associated terms: the 'growth' biological process (GO:0040007) and its descendant terms, or the molecular functions 'growth factor binding,' 'growth factor receptor binding,' 'growth hormone receptor activity,' and 'growth factor activity' and their descendants.
Other functional categories of genes were overrepresented in the sets of outlier loci for one of these hunter-gatherer populations but not the other ( Fig. 1A ; Table S2 , S14). The top population-specific enrichments for genes with outlier PBS selection index values for the Batwa were associated with growth and development: 'muscle organ development' (GO:0007517; observed genes: 10; expected genes: 4.02; p = 0.007) and 'negative regulation of growth' (GO:0045926; observed = 7; expected = 2.48; p = 0.012). Significantly overrepresented GO biological processes for the Andamanese included 'negative regulation of cell di↵erentiation' (GO:0045596; observed genes: 18; expected genes: 9.79; p = 0.009).
However, these population-specific enrichments were not significant following multiple test correction (false discovery rate q = 0.71 for both Batwa terms and q = 0.22 for the Andamanese result).
In contrast, no GO functional categories were observed to have similarly significant convergent excesses of 'outlier' genes with signatures of positive selection across the two agriculturalist populations as that observed for the rainforest hunter-gatherer populations ( Fig.   1B ; Table S9 ), and both the top ranked GO categories from the convergent evolution analysis and the population-specific analyses were absent any obvious connections to skeletal growth. The top-ranked functional categories with enrichments for genes with outlier PBS selection index values for the individual agriculturalist populations included 'neutrophil activation involved in immune response' for the Bakiga (GO:0002283; observed = 13; expected = 5.43; p = 0.003; q = 0.41) and 'protein autophosphorylation' for the Brahmin (GO:0046777; observed = 11; expected = 3.71; p = 0.0012; q = 0.16; Table S14 ).
Signatures of convergent and population-specific polygenic adaptation
Outlier-based approaches such as that presented above are expected to have limited power to identify signatures of polygenic adaptation [12, 46, 47, 51, 56] which is our expectation for the pygmy phenotype [44] . Unlike the previous analyses in which we identified functional categories with an enriched number of genes with outlier PBS selection index values, for our polygenic evolution analysis we computed a "distribution shift-based" statistic to instead identify functionally-grouped sets of loci with relative shifts in their distributions of PBS selection indices. Specifically, we used the Kolmogorov-Smirnov (KS) test to quantify the distance between the distribution of PBS selection indices for the genes within a functional category to that of the genome-wide distribution. Significantly positive shifts in the PBS selection index distribution for a particular functional category may reflect individually subtle but consistent allele frequency shifts across genes within the category, which could result from either a relaxation of functional constraint or a history of polygenic adaptation. Our approach is similar to another recent method that was used to detect polygenic signatures of pathogen-mediated adaptation in humans [13] . As above, we identified functional categories with convergently high KS values between cross-continental groups by repeating these tests 1,000 times on permuted gene-PBS values and computing the joint probability of both null hypotheses being false for the two populations. We then compared this value from the random iterations to the same statistic computed with the observed KS p-values for each functional category. For example, for the Batwa and Andamanese, we tallied the number of random iterations for which the joint probability of both null hypotheses being false was more extreme (lower) than those of the random iterations. In this way we tested the null hypothesis that both of our observed p-values could have been jointly generated by random chance.
The GO molecular function with the strongest signature of a convergent polygenic shift in PBS selection indices across the Batwa and Andamanese populations was 'growth factor binding' (Table S3 , S15; Fig. 3A ; GO:0019838; Batwa p = 0.021; Andamanese p = 0.027;
Fisher's combined p = 0.0048; empirical test for convergence p < 0.001; q < 0.001), and the top GO biological process was 'organ growth' (GO:0035265; Batwa p = 0.028; Andamanese p = 0.045; Fisher's combined p = 0.0095; empirical test for convergence p = 0.001; q = 1.0). The other top Batwa-Andamanese convergent GO biological processes are not as obviously related to growth, but instead involve muscles, particularly heart muscles. A significant convergent shift in PBS selection indices across both hunter-gatherer populations was observed for 'cardiac muscle tissue development' (GO:0048738; Batwa p = 0.046; Andamanese p = 0.003; Fisher's combined p = 0.001; empirical test for convergence p = 0.003).
In contrast, when this analysis was repeated on the agriculturalist populations, no growthor muscle-related functional annotations were observed with significantly convergent shifts in both populations ( Fig. 3B ; Table S16 ). The GO categories with evidence of potential convergent evolution between the agriculturalists were the biological processes 'leukocyte di↵erentiation' (GO:0002521; Bakiga p = 0.0086; Brahmin p = 0.0149; Fisher's combined p = 0.00128; convergence empirical p = 0.016) and 'protein autophosphorylation' (GO:0046777; Bakiga p = 0.033; Brahmin p = 0.0099; Fisher's combined p = 0.003; convergence empirical p = 0.036) and the molecular function 'serine-type peptidase activity' (GO:0008236; Bakiga p = 0.039; Brahmin p = 0.011; Fisher's combined p = 0.003; convergence empirical p = 0.0038).
13
A. Rainforest hunter-gatherers Colored lines represent 95% CI for significant categories estimated by bootstrapping genes within pathways. Dark outlines indicate growth-associated terms: the 'growth' biological process (GO:0040007) and its descendant terms, or the molecular functions 'growth factor binding,' 'growth factor receptor binding,' 'growth hormone receptor activity,' and 'growth factor activity' and their descendants.
We also used Bayenv, a Bayesian linear modeling method for identifying loci with allele frequencies that covary with an ecological variable [12, 22] , to assess the level of consistency with our convergent polygenic PBS shift results. Specifically, we used Bayenv to test whether the inclusion of a binary variable indicating subsistence strategy would increase the power to explain patterns of genetic diversity for a given functional category of loci over a model that only considered population history (as inferred from the covariance of genome-wide allele frequencies in the dataset.) We converted Bayes factors into per-gene index values via permutation of SNP-gene associations (Table S11 ) and identified GO terms with significant shifts in the Bayenv Bayes factor index distribution [12, 22] (Table S17 ). The top results from this analysis included 'growth factor activity' (GO:0008083; p = 0.006; q = 0.11), categories related to enzyme regulation (e.g. 'enzyme regulator activity'; GO:0030234; p = 0.003; q = 0.01), and categories related to muscle cell function (e.g. 'microtubule binding'; GO:0008017; p = 0.003; q = 0.10). There were more GO terms that were highly ranked (p < 0.05) in both the hunter-gatherer PBS shift-based empirical test of convergence and the Bayenv analysis than expected by chance (for biological processes GO terms: observed categories in common = 13, expected = 8.03, Fisher's exact test p = 9.67 ⇥ 10 5 ; for molecular function GO terms:
observed categories in common = 4, expected = 1.45, Fisher's exact test p = 0.045).
While we did not observe any significant population-specific shifts in PBS selection index values for growth-associated GO functional categories in any of our studied populations (Table 4 ; Suppl. Text), for each individual rainforest hunter-gatherer population we did observe nominal shifts in separate biological process categories involving the heart (Fig.   3A ). For the Batwa, 'cardiac ventricle development' (GO:0003231) was the top populationspecific result (median PBS index = 0.272 vs. genome-wide median PBS index = 0.528; p = 0.001; q = 0.302). For the Andamanese, 'cardiocyte di↵erentiation' (GO:0035051) was also ranked highly (median PBS index = 0.353 vs. genome-wide median PBS index = 0.552; p = 0.002; q = 0.232). We note that while these are separate population-specific signatures, 17 genes are shared between the above two cardiac-related pathways (of 61 total 'cardiocyte 16 di↵erentiation' genes total, 28%; of 71 total 'cardiac ventricle development' genes, 24%; Table   S18 ).
In contrast, cardiac development-related GO categories were not observed among those with highly-ranked population-specific polygenic shifts in selection index values for either the Bakiga or Brahmin agriculturalists ( Fig. 3B ; Table S19 ). The only GO term with a significant population-specific shift in the agriculturalists after multiple test correction was molecular function 'carboxylic acid binding' in the Brahmins (GO:0031406; p = 7.30 ⇥ 10 5 ; q = 0.005).
Discussion
The independent evolution of small body size in multiple di↵erent tropical rainforest environments worldwide presents a natural human model for comparative study of the genetic and evolutionary bases of growth and body size. Through an evolutionary genomic comparison of African and Asian rainforest hunter-gatherer populations to one another and with nearby agriculturalists, we have gained additional, indirect insight into the genetic structure of body size, a fundamental biological trait. Specifically, we identified a signature of potential convergent positive selection on the growth factor binding pathway that could partially underlie the independent evolution of small body size in African and Asian rainforest hunter-gatherers.
Unexpectedly, we also observed signatures of potential polygenic selection across functional categories of genes related to heart development for the rainforest hunter-gatherer populations, both convergently and on a population-specific basis. To a minor extent, the growth factor-and heart-related functional categories highlighted in our study do overlap: of the 123 total genes annotated across the three heart-related categories ('cardiac muscle tissue development' GO:0048738, 'cardiac ventricle development' GO:0003231, and 'cardiocyte di↵erentiation' GO:0035051), nine (7.3%) are also included among the 66 annotated genes in the 'growth factor binding' category (GO:0019838). However, even after excluding these nine genes from our dataset, we still observed similar polygenic PBS shifts in the Batwa and Andamanese for both growth factor-and heart-related functional categories (Suppl. Text),
demonstrating that our observations are not driven solely by cross-annotated genes.
We hypothesize that the evolution of growth hormone sub-responsiveness, which appears to at least partly underlie short stature in some rainforest hunter-gatherer populations An important caveat to our study is the lack of statistical significance for our populationspecific analyses after controlling for the multiplicity of tests resulting from hierarchically nested GO terms. The absence of strong signals of positive selection that are robust to the multiple testing burden likely reflects both the expected subtlety of evolutionary signals of selection on polygenic traits and the restriction of our dataset to gene coding region sequences. However, our comparative approach to identify signatures of convergent evolution is more robust. Therefore, while we cannot yet accurately estimate the extent to which signatures of positive selection that potentially underlie the evolution of the pygmy phenotype occurred in the same versus distinct genetic pathways between the Batwa and Andamanese, we do feel confident in our findings of convergent growth-related and cardiacrelated pathways evolution. The concurrent signatures of convergent evolution across these two pathways in both African and Asian rainforest hunter-gatherers is an example of the insight into a biomedically-relevant phenotype that can be gained from the comparative study of human populations with non-pathological natural variation.
Materials and Methods

Dataset generation and sourcing
Sample collection, processing, and sequencing have been previously described [28, 44] and base quality recalibration was done with GATK v3.5 [14] using the known indel sites from the 1000 Genomes Project [4] . Variants were called individually with GATK Haplo-typeCaller [14] , and variants were pooled together with GATK GenotypeGVCF and filtered using VQSR. Only biallelic SNPs with a minimum depth of 5x and less than 85% missingness that were polymorphic in the entire dataset were retained for analyses.
Variant data for the Andamanese individuals (Jarawa and Onge) and an outgroup main- We re-called variants in each 1000 Genomes comparison population at loci that were variable in the ingroup populations using GATK UnifiedGenotyper [14] . Variants were filtered to exclude those with QD < 2.0, MQ < 40.0, FS > 60.0, HaplotypeScore > 13.0, MQRankSum < -12.5, or ReadPosRankSum < -8.0. We removed SNPs for which fewer than 10 of the 30 individuals from the 1000 Genomes datasets had genotypes. PBS was computed on a per-SNP basis. We computed an empirical p-value for each SNP, simply the proportion of coding SNPs with PBS greater than this SNP's value, which we adjusted for FDR.
Computation of the
SNPs were annotated with gene-based information using ANNOVAR [54] with refGene (Release 76) [40] and PolyPhen [1] data. As the Andamanese/Brahmin dataset spanned the genome and the Batwa/Bakiga exome dataset included o↵ target intronic sequences as well as untranslated regions (UTRs), and microRNAs, we restricted our analysis to only exonic SNPs. For both the Batwa/Bakiga and Andamanese/Brahmin datasets, we computed a "PBS selection index" for each gene as follows. We compared the mean PBS for all SNPs located within that gene to a distribution of values estimated by shu✏ing SNP-gene associations (without replacement) and re-computing the mean PBS value for that gene 10,000 times. We defined the PBS selection index of the gene as the percentage of these empirical mean values that is higher than its observed mean PBS value. When identifying outlier genes, gene-based indices were adjusted for FDR.
To identify SNPs with allele frequency that correlate to subsistence strategy (huntergatherer: Andamanese and Batwa; agriculturalists: Bakiga and Brahmin), we used Bayenv2.0
[22] to assess whether the addition of a binary variable denoting subsistence strategy im-proved the Bayesian model that already took into account covariance between samples due to ancestry. As with the PBS results, we computed each gene's index by sampling new values for each SNP from the distribution of all Bayes factors and comparing the gene's actual average to those of the bootstrapped replicates.
Creation of a priori lists of growth-related genes
To test the hypothesis that genes with known influence on growth would show increased positive selection in rainforest hunter-gatherer populations, we curated a priori lists of growth-related genes as described fully in the Supplemental Text. Briefly, we obtained the following gene lists: i) 3,996 genes that a↵ect growth or size in mice (MP:0005378) from the Mouse/Human Orthology with Phenotype Annotations database [6] ; ii) 266 genes as- ]; and iv) 955 genes annotated with the Gene Ontology "growth" biological process (GO:0040007). As the GH/IGF1 pathway is a major regulator of growth and disruptions to the pathway have been implicated in the pygmy phenotype, we also collected lists of genes associated with GH1 and IGF1 respectively from the OPHID database of proteinprotein interaction (PPI) networks [7] . Separately, we also used a list of genes found to be associated with the pygmy phenotype in the Batwa [44].
Statistical overrepresentation and distribution shift tests
Using the PBS and Bayenv indices, we next tested for a statistical over-representation of extreme values (p < 0.01) for the above a priori gene lists as well as all Gene Ontology 22 (GO) terms using the topGO package of Bioconductor [2] , gene-to-GO mapping from the org.Hs.eg.db package [9] , and Fisher's exact test in "classic" mode (i.e., without adjustment for GO hierarchy). We similarly performed a statistical enrichment test using the Kolmogorov-Smirnov test again in "classic" mode, which tested for a shift in the distribution of the PBS or Bayenv statistic, rather than a excess of extreme values. In all cases, we pruned the GO hierarchy to exclude GO terms with fewer than 50 annotated genes to reduce the number of tests, leaving 1,742 and 1,816 GO biological processes and 266 and 285 GO molecular functions tested for the African and Asian datasets, respectively. To further reduce the number of redundant tests, we also computed the semantic similarity between GO terms to remove very similar terms. We computed the similarity metric of [26] as implemented in the GoSemSim R package [59], a measure of the overlapping information content in each term using the annotation statistics of their common ancestor terms, and then clustered based on these pairwise distances between GO terms using Ward Hierarchical Clustering.
We then pruned GO terms by cutting the tree at a height of 0.5 and retaining the term in each cluster with the lowest p-value. With this reduced set of GO overrepresentation and distribution shift results, we adjusted the p-value for FDR.
Identification of convergent evolution
We used two methods to identify convergent evolution: i.) computation of simple combined p-values for SNPs, genes, and GO overrepresentation and distribution shift tests using Fisher's and Edgington's methods, and ii.) a permutation based approach to identify GO pathways for which both the Batwa and Andamanese overrepresentation or distribution shift test results are more extreme than is to be expected by chance (the "empirical test for convergence"). These two approaches are summarized below.
We searched for convergence between Batwa and Andamanese individuals by computing the joint p-value for PBS on a per-SNP, per-gene, and per-GO term basis. We calculated all joint p-values using Fisher's method (as the sum of the natural logarithms of the uncorrected p-values for the Batwa and Andamanese tests [38]) as well as via Edgington's method (based on the sum of all p-values [17] ). Meta-analysis of p-values was done via custom script and the metap R package [16] .
We also assessed the probability of getting two false positives in the Batwa and Andamanese selection results by shu✏ing the genes' PBS indices 1,000 times and performing GO overrepresentation and distribution shift tests on these permuted values. We compared the observed Batwa and Andamanese p-values to this generated distribution of p-values, as described above. We computed the joint probability of both null hypotheses being false for 
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Positive selection in growth-associated genes We examined whether gene-specific signatures of strong positive selection (using an "outlier-based"" designation of genes with PBS index values < 0.01) in the rainforest populations were enriched for known functional associations with growth using a priori lists of 4,888 total growth-related genes, consisting of (with some redundancy among individual categories, as expected): i) 3,996 genes that a↵ect growth or size in mice (MP:0005378) from the Mouse/Human Orthology with Phenotype
Annotations database [1] ; ii) 266 genes associated with abnormal skeletal growth syndromes in the Online Mendelian Inheritance in Man (OMIM) database (https://omim.org/), as assembled by [5] ; iii) 427 genes expressed substantially more highly in the mouse growth plate, the cartilaginous region on the end of long bones where bone elongation occurs, than in soft tissues (lung, kidney, heart; >= 2.0 fold change; [3] ; and iv) 955 genes annotated with the Gene Ontology "growth" biological process (GO:0040007). Separately, we also considered in our analyses the set of 166 genes located within the 16 genomic regions previously associated with the pygmy phenotype in the Batwa, using an admixture mapping approach [4] , as well as GH1-and IGF1-associated genes using data from OPHID database of proteinprotein interaction (PPI) networks [2] .
We used each of the curated a priori growth-related gene lists for testing the hypothesis in the a priori growth-related gene lists were not significantly overrepresented among PBS outliers in any populations, except for those associated with mouse growth phenotype in the Brahmin (68 observed, 47.7 expected; Fisher p = 0.0179) (Table S9 ). Though the lack of over-representation of growth-related gene lists among loci with outlier signatures of strong positive natural selection related to growth is perhaps unsurprising considering the polygenic phenotype, our distribution shift-based test also showed no significant shifts in the distribution of PBS indices for any population (Table S11 ). Genes in genomic regions previously associated with the pygmy phenotype in the Batwa [4] were enriched for genes with outlier PBS selection index values in the Batwa (outlier-based test: 5 observed, 1.39 expected;
Fisher p = 0.017; Table S9 ) and the phenotype-associated genes' PBS distribution was shifted relative to the genome-wide distribution (distribution shift-based test: Kolmogorov-Smirnov test p = 0.056; Table S11 ). We found no evidence that genes associated with GH1 and IGF1
were enriched for outlier or polygenic selection. Impact of cross-annotated genes between growth factor-and cardiac-related pathways To assess whether shared genes in GO categories relating to the heart and growth factor binding were responsible for the significant shift in PBS selection index values for genes in these annotations, we compared the distributions of PBS selection indices before and after removing 9 genes common to heart pathways and growth factor binding. The heart GO terms assessed were: 'cardiocyte di↵erentiation' (GO:0035051), with a shift in the Andamanese hunter-gatherers; 'cardiac ventricle development' (GO:0003231), with a shift in the Batwa hunter-gatherers; and 'cardiac muscle tissue development' (GO:0048738) with a convergent shift in the Batwa and Andamanese. Of the 123 heart related genes contained in these pathways, 9 were also annotated to the GO molecular function 'growth factor binding'
(GO:0019838): ACVR1, EGFR, ENG, FGFR2, FGFRL1, LTBP1, SCN5A, TGFBR1, and TGFBR3.
After removing the 9 shared genes, the mean PBS selection index for the Andamanese among genes annotated to 'cardiocyte di↵erentiation' decreased slightly from 0.444 to 0.443 and the pre-and post-filtration distributions were not significantly di↵erent (Kolmogorov-Smirnov D = 0.023, p = 1). Similarly, the mean PBS selection index for the Batwa for genes in 'cardiac ventricle development' decreased slightly from 0.654 to 0.652, and the distributions were not significantly di↵erent (D = 0.044, p = 1). Finally, for 'cardiac muscle tissue development', the mean PBS selection index for the Andamanese increased from 0.450 to 0.453, and for the Batwa increased from 0.474 to 0.486. Again the pre-and post-filtering distributions were not significantly di↵erent for the Andamanese (D = 0.015, p = 1) or Batwa (D = 0.015, p = 1).
Similarly, after removing 9 shared genes, the mean PBS selection index for genes annotated to 'growth factor binding' (GO:0019838) for the Batwa increased slightly from 0.437 to 0.440 and for the Andamanese decreased from 0.455 to 0.437. Again, the pairs of distributions were not significantly di↵erent (Batwa: D = 0.030, p = 1; Andamanese: D = 0.036, p = 1). 3 Tables   Table S1 : Gene Ontology (GO) biological processes with evidence of convergent enrichment for strong positive selection in the hunter-gatherer populations, as measured by outlier Population Branch Statistic (PBS) values. No molecular functions were found to be convergently enriched. Joint p-values were computed via a permutation-based method, and those with joint empirical p < 0.005 are shown. Andamanese RHG -Molecular Functions:
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